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IMPEDANCE MATCHING 


SSSSSiNE of the first and best 


O ! learned lessons in commu- 
| nication-system design is 
S=SSSS that, to obtain the greatest 
possible transfer of energy from one 
circuit to another, the impedances of 
the two circuits must be matched. So 
straightforward is the concept that the 
lesson may have been overlearned. In 
very many cases the reason for the use 
of transformers as impedance-matching 
devices is not so much to gain in power 
transfer as to reduce distortion, fre- 
quency discrimination, and other com- 
mon defects in voice-transmission cir- 
cuits. 

It is very easy to fall into the error 
of exaggerating the amount of reflec- 
tion loss that occurs due to mismatched 
circuits. From the single consideration 
of power loss a surprising amount of 
mismatch can be tolerated. To arrive 
at a figure for reflection loss, the sim- 
plest example is the case of a resistive 
power source connected to a resistive 
load. In actual practice it is not often 
that pure resistances will be found in 

adio- or audio-frequency circuits, but 
in most cases the phase angle is so slight 





that for purposes of practical demon- 
stration it may be considered to be 
zero. In Figure | a generator producing 
a voltage Eg and with an internal re- 
sistance Re is shown connected to a 
load R,;. The current that will flow in 
the circuit is 


E 
] G 


. R, + Re 
When R,; = Re, that is, in the case 


where the generator and lead im- 
pedances are matched, the current, 


I — 








, and the power in the load is 


2R¢ 


Ee \2. | Dare 
[°?R = [?R = oceans R = —-e 
. 7 (=) © 4Re 


When the impedances are not matched 


Kg 
the current in the load J’ = 
Re t+ Rr, 





and the power is 


E 2 
IR, = : yr . 
, & +RiJ ~ 


The ratio of the power in the load for 
the matched condition to the power for 
the mismatched condition expressed in 
decibels is the mismatch or the reflec- 
tion loss. That is 
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Figure |. Circuit on which to base calculations of the reflection loss at a single junction 











[?R R, + R,)? 
Nab " “= 10 login (Re + x) 
T?R, IRR; 
or 
Ro +R 
Nas = 20 logo —> ae 
VARGR, 


From this formula can be calculated 
the reflection loss that occurs due to 
connecting together any two imped- 
ances having small phase angles. For 
instance, if a 5000-ohm vacuum tube 
were connected directly to a 500-ohm 
line, the impedance mismatch of 10 to | 
would calculate to cause a loss of 4.8 
decibels. The losses calculated for a 
number of different impedance mis- 
matches are shown in the chart in Fig- 
ure 2. For phase angles of less than 45° 
the loss curve is practically the same, 
but the mismatch loss is always less 
when either circuit has a reactive com- 
ponent.* 

It is obvious, therefore, that in many 
cases the actual power loss due to op- 
erating between mismatched imped- 
ances is not serious. If “ideal” or no- 
loss transformers could be realized, it 
would certainly be worth while to use 
them where every milliwatt of the 
available power must be utilized. How- 


***Transmission Networks and Wave Filters,” by T. E. 
Shea, contains a complete discussion of this question. 


ever, well-designed and carefully made 
audio-frequency transformers of the 
usual types may have an inherent cop- 
per and iron loss of about 20%, or 2 
decibels. When it is considered that 
small power transformers have effi- 
ciencies in the neighborhood of 85%, an 
efficiency of 80% for audio-frequency 
transformers is quite good in view of 
the many other problems involved in 
their design, such as frequency charac- 
teristic, freedom from distortion, ete. 
The real value, however, of audio- 
frequency transformers and the reason 
why their use is so essential is to keep 
the circuit impedances at the correct op- 
erating values. For example, the design 
of a transformer to operate from a low- 
impedance line to the grid of an ampli- 
fier is not a simple job, and the success- 
ful operation of this sort of transformer 
depends upon its operation from the 
impedance for which it is designed. A 
line-to-grid transformer designed to 
operate from 500 ohms is apt to show 
frequency discrimination if operated 
from a line of 200-ohms impedance. 
Thus, a designer of a voice-input cir- 
cuit finding that the output impedance 
of his mixer panel is 200 ohms, whicl 
has probably been determined by the 








JULY-AUG., 1934— VOL. IX —Nos. 2 and 3 


wW 














van 


o~\ 














W” 

at 0 afl 
Ww 

rs) 

Ww 

oO / 
Z+2 

w” / 

” 

O / 

3 

Z +3 

° \ 
br 

Oo 

uw 

J 

ta 

© 






























































0.1 0.2 0.4 06 O08 1 








2 a © 8 10 


RATIO BETWEEN ABSOLUTE MAGNITUDES OF IMPEDANCES 


Figure 2. Reflection loss at a single junction in decibels as a function of the ratio between the 
absolute magnitudes of the two impedances. This curve is for a phase difference of 0° 


microphone impedances, would cer- 
tainly insert a 200- to 500-ohm trans- 
former between the mixer and the input 
of his amplifier, if its input transformer 
were designed to operate from 500 
ohms. The use of the transformer is dic- 
tated not by the consideration of the 
reflection loss between the 200- and the 
500-ohm circuit, which is less than one 
decibel, but by the fact that the im- 
pedances must be kept to their correct 
value to maintain proper frequency 
characteristics. 

Another example of the necessity for 
correct impedance matching is in the 
familiar case of output transformers 
from vacuum tubes. The distortion in- 
troduced by a three-element tube is a 


function, among other things, of the 
impedance into which it works. Ordi- 
narily, the distortionis a minimum when 
the tube is worked into an impedance 
equal to approximately twice the plate 
resistance of the tube. In the case of 
the 2A3 tube the plate resistance is 
about 800 ohms and for two tubes in 
push-pull is 1600 ohms. The General 
Radio Tyre 541-D Transformer is de- 
signed to couple this system into dy- 
namic speakers. When operating at a 
fixed bias potential, it is recommended 
that these tubes in push-pull work into 
3000 ohms, which is approximately 
twice the plate resistance. From a con- 
sideration of the power loss due to mis- 
match the tubes could be worked into 
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impedances varying widely from 3000 
ohms, but the distortion would become 
a serious factor. This is one of the rea- 
sons why the selection of the correct 
output transformer is so important. 
The impedance of ribbon and ve- 
locity microphones averages between 
25 and 40 ohms. The customary volume 
control used with these microphones 
has an impedance of 50 ohms. An in- 
spection of the chart in Figure 2 will 
show that the reflection loss due to 
coupling a 25- to 40-ohm generator and 
The fre- 
quency characteristic of these micro- 
phones is not affected by such a small 
impedance mismatch. Therefore, it is 
sound practice to operate them into the 
regular 50-ohm mixer. If a transformer 
were used to couple these two circuits 
together, it would introduce a loss ap- 
proximating 2 decibels which would be 
entirely unnecessary. Similarly, 500- 
ohm and 600-ohm lines can be con- 
nected together without trouble, unless 
special balancing or isolating problems 
are present. Impedance-matching trans- 
formers play a very important part in 
the circuits where these questions are 
serious. Generally, telephone lines are 
well balanced, particularly high-quality 
lines of the sort used to connect remote 
pickup points with the broadcasting 
studio. If these lines are connected di- 
to an unbalanced amplifier, 


a 50-ohm load is negligible. 


rectly 


which is one without a balanced and 
shielded input transformer, the result- 
ing unbalance would affect the line and 
might introduce cross-talk. The cus- 
tomary cure for such a condition is to 
insert a |-to-1 transformer between the 
line and the amplifier input trans- 
former. The General Radio TYPE 585-R 
Transformer is an example of this. It 
has balanced windings and an electro- 
static shield between the primary and 
secondary circuits so that a balanced 
line connected to its primary will re- 
main balanced even though the secon- 
dary beconnected toan unbalanced cir- 
cuit. On short lines running around a 
studio or a laboratory, the question of 
unbalance is not usually so serious, but 
it is surprising the amount of pickup 
difficulties that have been encountered 
due to the fact that some part of a short 
link between a mixer panel and a speech 
amplifier or some other short local cir- 
cuit is unbalanced. In the case of larger 
studios where several voice channels are 
running parallel through patch boards, 
relays, or other switching mechanisms, 
it is always considered good practice to 
run the wires in the form of twisted 
pair, shielded by flexible copper braid. 
This type of connector maintains a ca- 
pacity balance to ground, and if well- 
balanced transformers are used most of 
the cross-talk difficulties are elimi- 


nated. —A. E. THIESSEN 


MZ 
ARE YOU PLANNING TO MOVE? 


Ir you are making either a perma- 
nent or a temporary change in mailing 
address, please don’t forget to notify 
us or leave forwarding postage with 


your postmaster. Otherwise you 
may miss one or more issues of the 


EXPERIMENTER and wonder why. 
Thank you. 
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FiguRE 1. View of an 

audio-frequency amplifier 

unit with two standards 

(General Radio Type 

222), the bridge unit in 

the center, and the ampli- 
fier at the bottom 


NDER this title W. A. Ford* and 
H. W. Bousman* describe two 
audio-frequency bridge amplifiers in 
the May, 1934, issue of the General 
Electric Review. After discussing the ef- 
fect of stray admittances between the 
bridge elements and to ground, the am- 
plifiers shown in the two accompanying 
photographs are described. 
The complete bridge of Figure | has 
an amplifier for the detector circuit 
with an iron-cored input transformer 


*General Engineering Laboratory, General Electric Co. 


Naan aE 








Courtesy General Electric Review 


between it and the bridge, an arrange- 
ment that was subject to interference 
induced in the transformer by power- 
frequency magnetic fields. 

The details are given of another am- 
plifier of high gain in which resistance- 
capacitance coupling between bridge 
and amplifier is used. This, combined 
with suitable multiple shielding and a 
self-contained galvanometer, has min- 
imized and rendered fixed and definite 
many of the variable stray capaci- 
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FicgurRE 2. Behind the 
panel of a_ completely 
shielded Schering bridge. 
The shielded amplifier is 
supported on porcelain in- 
sulators inside the ground- 
ed case of the complete 





bridge 
Courtesy General Electric Review 
tances that often cause elusive errors Readers possessing an eye for detail 
in precision measurements. will notice the liberal use of General 


Figure 2 shows the interior of a  Radiolaboratory accessories, e.g., TYPE 
Schering bridge containing this second 222 Precision Condensers, TYPE 539 
amplifier inside a shielded case, with Variable Air Condensers, Type 510 
the entire amplifier unit supported on Decade-Resistance Units, etc. 
porcelain insulators within the shield 


; —Joun D. CRAWFORD 
for the entire bridge. J 
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